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Multiple Neuroendocrine Regulation of Growth Hormone
in the European Eel Anguilla anguilla

Abstract

Growth hormone (GH) is involved in the 仁ontrol of various physiological functions in teleos 峙 ,

including not only body gro 叭而 h but also reproduction, osmoregulation, metabolism and

immunity. Most data on GH regulation come from investigations in mammals and studies in

teleosts suggest impo 巾 nt speci 的刊 lated variations. We developed specific tools to investigate

GH regulation in the European eel: purification of pituitary GH, obtention of specific

antibodies and development of homologous radioimmunoassay (RIA), 仁 loning of pituitary GH

cONA and obtention of a specific probe for messenger RNA assays, development of an eel

pituitary cell culture system for short- and long-term studies of CH synthesis and release.

I nvesti 且 ations on the neuroendocrine control of GH in the eel demonstrated multiple

regulations and interactions with other major neuroendocrine axes involved in development,

growth, metabolism, and reproduction. Eel somatotrophs exhibit a high autonomous activity. A

brain neurohormone,somatostatin (SRIH) exerts a major inhibitory control on GH in the eel as in

other teleosts. This inhibitory control has been conserved throughout vertebrate evolution

Insulin-like growth factrors (lGFs), produced by the liver in respo 門 se to GH, exert a negative

feedback on GH synthesis and release, an inhibitory control also strongly conserved among

vertebrates. In contrast, GH-releasing factors show large variations among vertebrates and even

teleosts. Pituitary adenylate cyclase-activating polypeptide (PACAP), stimulates GH release in the

eel as well as in the other teleosts investigated, and may represent an ancestral GH-releasing

factor progressively replaced by somatoliberin (GHRH) in tetrapods. Other neurohormones such

asgonadol iberins, thyroliberin, dopamine, neuropetide Y, or cholecystokinin, found to exert

GH-releasing effects in some but not all teleos 侶 , were inactive on CH release in the eel

仁 ontrast, corticoliberin (CRH) had a strong GH-releasing effect inthe eel, a role possibly related

to special developmental and physiological events of the eel biological cycle, such as

metamorphosis, fasti ng, and migration

In
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Growth hormone (GH) a hormonepitu itary

exerting pleiotropic functions in teleosts as in other

vertebrates. Indeed, GH not only plays an essential

IS role In growth and
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use of fat for energy production(s.8I, and protein

synthesis(9.11l. GH also influences osmoregulation(12-13),

reproduction(14.1 日 , immunity(16.17), and conversion of

thyroid hormones(18-191.

In mammals, the

mediated

regu lation

the

of GH release

by dual actions of two

RH) while

exerts

production(21).

In

a GH

non - mammalian vertebrates, conservations

and variations of factors in volved in the control of

occured. Various hypothalamic

neuropeptides, discovered and named according to

their hypophysiotropic roles in mammals, have been

shown to stimulate GH release in other tetrapods: in

GH release have

birds, for instance, thyrol iberin (TRH) is more potent

than GHRH to stimulate GH release(221; in reptiles,

corticoliberin (CRH) as well as TRH and GHRH play

the roles of GH - releasing factorsl231. The situation

appears specially complex in teleos 的 , in which the

factors involved in GH control have been found to

be almost as various as the number of species studied.

Indeed, GHRH was reported to stimulate GH release

the goldfish(24l, rainbow trout(2S), tilapia(26),and

catfish(27) bl

In

Jt low nonea very

the TRH2ct In

This diversity of GH-releasing factors in teleosts

may be related to the pleiotropic functions of GH

and the different physiological stages of the fish

studied. The variability of the factors controlling GH

in teleosts may also reflect the large evolutionary and

biological diversity of this group encompassing more

than twenty thousands species. We investigated the

regulatory factors of GH release in the European eel

Anguilla anguilla Eels of aL are representative

IS

primitive group of teleosts (Elopomorphs) exhibiting

ancestral features of hormonal regulations among

vertebrates(36.37); they undergo an extraordinary life

likely controlled by specfic regulatory

processes, and represent an important component of

natural aquatic ecosystems a

challenge for aquaculture. Getting information on the

regulation of GH release in the eel is therefore highly

relevant from both fundamental and applied points of

cycle

5 well aas

view.

Materials and Methods

Fishes

and silver beeneels haveFreshwater yellow

caught from wild populations in pounds of the West

and of the North of France. Most of the experimental

studies presented here have been performed in vitro

on juvenile eels at the yellow stage (sedenta 門 ,

growth phase). Some comparative studies have been

performed in vivo and in vitro, and at the silver stage

(downstream migratory phase)

In vivo studies

GH levels in naturalDevelopmental changes in

populations

Developmental changes of pituitary GH content

investigated in wild populations of

European eels during the yellow and silver stage08-4
日 I

and in glass eels collected at their arrival into the
(411

estuaries

have been 1

Experimen 的 I changes in GH levels

The effect of experimental fasting was investigated

months) in yelover the
1,081eels

(3 owlong-term

maturation was induced inExperimental sexual

female silver eels, according to the procedure of

Fontaine et al.( 叫 : eels received weekly injections,

over 4 months, of saline extract of carp pituitary

mg dry carp pituitary /100g body

weight/injection). Control eels received saline alone

(0.9 % NaCI).

(extract of 1
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Influence of thyroid hormones on GH production

was investigated. Eels received weekly injections of

Thyroxine, 14 or tri-iodothyronine, T3 (0.2 mg/l OOg

body weight! injection) suspended in saline or of

saline alone (control eels).

as removed after

ctlon. extractedwere

sonication; supernatants obtained after centrifugation

were kept frozen until GH radioimmunoassay (RIA).

headIn the of glass eels, the wholecase was

submitted to extraction.

Blood was collected In hepari n ized tubes and

plasma samples were kept frozen until GH RIA.

In vitro studies: primary cultures of eel

pituitary cells

Cell dispersion

Eels decapitated

removed and placed

�cco's

In

pituitaries quickly

ice-cold dispersion buffer:

buffer

andwere

saline without

jO

and

mg soya

DNAsebean trypsin inhibitor

(Sigma)/ml DB for

washed with DB and then mechanically dispersed in

DB by repeated passages through a plastic transfer

pipette. Cell suspensions were filtered through nylon

mesh (30 μm pore size), harvested by centrifugation

and resuspended in culture medium(CM): medium

with Earle's salts, sodium bicarbonate,

U/mlpenicillin, 1 00 �lg/ml streptomycin and

ng/ml fungizone (LifeTechnologies).

15 were

199 100

250

Cell culture

79

plated on I ＼ L-Iysine (Sig

precoated plates (Costar), at a density of 62,500

cells/well (96 well plates) for 則 A studies or of

500,000 cells/ well (12 well plates) for mRNA studies,

in CM. PI 刮目 were incubated in a tissue culture

incubator (NAPCO), at 18DC under 3% CO2 and

Cells were n

eel saturated humidity. Cells were allowed to attach and

72rest for 24 hours start of thebefore theto

by experiment (Day 0). Replicates of 6 wells for controls

or each treated group were used. Effects of potential

inhibitors (SRIH and IGFs) were tested on short-term

and long-term experiments up to 12 days of culture.

Cultures were stopped before (Day 0) and at the end

(Day 12) of the treatments in order to measure GH

cell contents (RIA) or GH mRNA levels (dot-blot).

Effects of potentia I stimu lators (various neuropeptides,

Ir activators of seconddopamine, c

pathways) on GH release were tested on short-term

experiments up to 96 hours. Media and treatments

were renewed at each sampling time.

contentGH intracellular was extracted by

disruption of the cells by an osmotic shock (addition

of distilled water) and two repeated cycles of freezing

and thawing. Collected media and cell extracts were

kept frozen (-20DC)

describedl441

eELnHU RIA, as previouslyGH

Purification of eel GH

European eel GH has been purified according to

the procedure previously described by Marchelidon

aI.145). Briefly, acetone-dried pituitaries

extracted in 0.9 % NaCI. After centrifugation, the

supernatant was passed through Sephacryl S200HR

(Pharmacia, Sweden), t�

angGH was further submitted to DEAE-HPL 亡 , then

Vydac 仁

N-terminal

et were

Ie

chromatography.

sequence and tryptic

peptides revealed no protein contamination. The 25

the

4 RP-HPLC

a ηllnO acid

a 行llnO acids of N-terminal of

thoseGH were
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Radioimmunoassay (RIA) of eel GH

尸roduction of eel CH antiserum

eel GH (800 �lg) was coupled to chicken

ovalbumin (1 mg) in presence of gluta 悶 Idehyde (2.5

Complete Freund adjuvant was added and the

emulsified mixture were injected 4 times, at 2-week

Blood was collected 1

Purified

%)

intervals, to a rabbit

the

week

after was keptlast AntiseruminJection.

Iyophyl ized,

before use

reconstituted In distilledand water

RIA procedure

Purified eel GH was iodinated according to the

chloramine T method and separated from free iodine

on Sephadex G50 column (Pharmacia)1381.

The RIA 0.02 Sodiumperformed

phosphate buffer, pH 7.4, containing 0.9 % Na 仁 1,1

% BSA, 0.1 % Tween 20, according to the procedure

by Marchelidon et a1.1381. Briefly, eel GH antiserum

was used at a dilution of 1 :20 000, leading to a

maximal binding of 30 % of radiolabelled tracer

was In M

Antiserum, tracer, and eel GH standard (purified eel

GH) or samples, were incubated for 24 hr at 4 �C

fractionBound by

anti-rabbit

叭las separated

er

Y counter

Cloning of eel GH cDNA

Cloning of a cDNA fragment encoding European eel

GH

A cDNA

a growth hormone cDNA

growth

5'-GTT AACCGACAGCAC 仁 T -

hormone cDNA

2

The

P 仁 R products were seperated by 1.5 % agarose gel

ele 亡 trophoresis, the bands of expected size excised,

Le Belle, B. Vidal, J. Marchelidon and M. Schmitz

performed

N 仁 BI).

using the υ ra 行1

One major fragment of 481 bp was amplified from

the pituitary cDNA ligated into λgt10 vector usi ng

Primer 1 and Primer 2. This fragment was cloned and

sequenced. Comparison of the nucleotide sequences

showed a 98 % nucleotide identity with the Japanese

eel growth hormone cDNA1471.

Dot-blot assay of GH mRNA

Cells were scraped from the plates in ice-cold PBS

Technologies) collected and

extracted according tl

describedI44,481. Total RNA was blotted on Hybond-N+,

membrane (Amersham) through a Hybri-dot

manifold (Life Technologies). The PCR-derived cDNA

(Life total wasRNA

3 the method

Nylon

the

H was

�re stripped

the

and

under same conditionshybridized

32P-labeled eel �-actin cDNA. Scanning densitometry

performedand data were uSing aprocessl ng

Phosphorlmager (Molecular Dynamics).

Results and Discussion

Developmental and physiological changes

of GH production

GH is already detectable in the pituitary of glass

eels, as shown by immu 門 ocytochemistryl381 and by

RIA(38,411. GH immunoreactive cells represent indeed,

at this stage, the major cell population of the

adenohypophysisl381. Preliminary data indicate that

glass eels undergoing severe physiological stress

(small sized, with delayed arrival to the estuaries)
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contentl411. Thishad an elevated pituitary GH

GH production may be

mobil ization of energy stores

in stressfull and

l
門uer

、u3uer

mht

eEL

anihH-iE

ι

EL

jioke

心

vil

口

bo

口

bvunQua--

門 ecessary for long term survival

fasti ng cond itions(2).

Investigations on wi Id eel popu lations showed that

pituitary GH content steadily increased with body

size and agel 的 determined by otolithometry) during

the yellow stage, leading to steady plasma GH

levelsl 刊 I. This likely reflects the major and steady role

played out by GH in the control of body growth

throughout the yellow stage.

Submitting yellow eels to long-term

fasting induced a strong increase in both pituitary

levelsI38). This

(3 months)

content and plasma GH level

reflect a the key role exerted by GH, in synergy with

cortisol, in the mobilization of metabolic stores for

long term survival.

Preliminary anal)

indicated a slight increase in pituitary GH content

during the first steps of silveringl4O ＼ This stimulation

of GH production maybe related to stimulatory roles

of GH in the induction of osmoregulatory changesl491,

metaboli 仁 changes (fasting) and gonadal changes

(such as the potentiating effect of GH on hepatic

vitellogenesis)ISO.Sl'). In contrast, a decrease in pituitary

GH levels was observed at the end of the silvering

in the

GH

VSIS of the

process, as

number of cells 1 門

pituitary levels

Jred female

the andof energy metabolic stores

necessary for the dramatic ovarian growth.

Spon 臼 neous release of GH by eel pituitary

somatotrophs in vitro

日
U

Dispersed eel pituitary cells showed a strong and

sustained release of GH in culture media over 12

days in serum-free conditions(S21. These data are in

studiesagreement with performed

from

onprevIous

organ-cu Itured whole pitu itaries

eellS31and Japanese eeIIS4).

The total amount of GH released over 12 days

This

European

eded the initial celllargely exce

indicated a sustained synthesis of GH by cultured
� h 0lS21so 鬥latotroDhs

These results indicate that eel somatotrophs have a

in vitro, and suggest thathigh spontaneous activity

these cells are submitted to a major inhibitory control

in vivds21. Such a sustained activity of somatotrophs

alsoduring long-term

observed in the other te leost spec ies investigated:

trout, Oncorhynchus mykiss:lssl; turbot

Psetta maximals61. In the rat, basal release of GH was

In vitro experiments IS

rainbow

shown to be related to autonomous electric and ionic

properties of somatotrophs, wich exhibit under basal

conditions, spontaneous action potentials and Ca2+

transients(S71. In the eel, a

somatotrophs

s

spontaneous release ISofactivity

remarkable

Inhibitory e 仟eet of somatostatin 侈的H) on

GH release and synthesis

the (SRIH-14) i

discovered and named after its inhibitory action on

Somatostatin a

C 卜1 release in mammals. SRIH 嘲 14 is expressed in the

hypothalamus of all vertebrate classeslS81. SRIH-14

dose-dependently inhil

pituitary cells, with a maximal inhibitory effect of 95

%. Other studies, using short-term (Tilapials9.6 日
),

trout(61.62)) or long-term (Japanese ee1'S41; tu 巾。 t(S61)

experiments, also demonstrated SRIH inhibition of

GH basal release in various teleost species. These

data indicate that SRIH inhibits basal GH release in

Jited eelGH

all otherinvestigated.

vertebrates, its action may require the presence of

stimulators of GH release(S2.S6)

teleosts In contrast, In
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The inhibitory effect of SRIH was significant at any

time of incubation and showed no desensitization

over 12days of cell treatment i門 the eel(S2) 的 well as

in the turbot(56). In contra 哎 , SRIH

was shown to be submitted to rapid desensitization

inhibitory effect

in mammals.

Measurement of GH cell content indicated that

SRIH not only inhibited GH release but also GH

synthesis in the eel(S2), an effect also shown in the

turboeS61. Assay of eel GH mRNA let us to confirm

the inhibitory effect of SRIH on GH synthesis by eel

somatotrophs in vitro. Such an inhibitory effect of

GH svntlSRIH lesls not beenhason

mammals.

These data indicate that SRIH is a potent inhibitor

of GH synthesis and release in the eel as in other

teleosts, and may represent the

control of G H invertebrates.

ancestra Imajor

Negative feedback by liver insulin-like

growth factors (lGFs) on GH release and

synthesis

As largely studied in mammals, IGF1 is a major

growth factor secreted by the I iver under the control

of GH, and acting in synergy with GH to stimulate

body growth. In return, IGF1 exert

feedback control on pituitary GH production(211. IGF1

has been highly conserved in all ve 此 ebrates.

We demonstrated a strong inhibitory effect of IGF1

(up to 85% of inhibition) on GH release by eel

pituitary cells.This effect .was dose-dependent and

not submitted to desensitization. A similar effect was

s an

produced by IGF2, while

active,indicating the involvem

receptor(S21. The specificity of the inhibitory action of

IGFs was further demonstrated by the lack of effect of

another growth factor, bFGF (basic fibroblast growth

Inhibitory effects of IGFs on GH release by

cultured pituitary cells was also d

studies

insulin was 1000

ent of a

factor)

short-term

emonstrated

troue631In andthe rainbow

long-term studies in the turboe64).

Measurement of GH cell content indicated that

also strongly inhibited

pituitary cells(S2l, an

turbot(641. Assay of GH mRNA in eel pituitary cel 的 ,

confirmed the inhibitory effect of IGF1 on eel GH

IGF1 GH synthesis by eel

observed ieffect also 1

expression,

mammals

action also Indemonstratedan

These data suggest that the negative feedback by

ancestral mechIGFs may represent

regulation of the somatotropic axis, highly conserved

throughout vertebrate evolution

an

Lack of GH-releasing effect of GHRHs

In

its typical

(GHRH)

mammals,Differently from

GH-releasing

stimulate GH release in the eel. No e 仟ect on eel GH

action In

unablehormone towas

release was observed with human GHRH (Sigma) at

any doses and any time of incubationI6S-661. This result

was further confirmed by the use of teleost (Goldfi 吭 , gf)

GHRHs provided by Dr B.K.C. Chow (University of

Hong-Kong): carp-like gfGHRH ar

gfGHRH, cloned ar

described(67), had no effect on eel GH release(S61. No

effects of mammalian nor goldfi 的 GHRHs were neither

observed on GH release by turbot somatotrophs(s6).

In other teleosts, GHRH was reported to induce a

significant increase in GH release in the goldfish(24l,

rainbow trout(2S), tilapia(261 and catfi 的 127) but had a

very limited effect in the salmon(281.

ld

ld as

GH-releasing e 仟ects of activators of second
messenger pathways

less In order to 刮目 ss whether GH release could be

stimulated basal the eel, welevels Inover

investigated the effects of well-known effectors of

signal transduction, forskolin (0.1 mM), an activator

of adenyl ate cyclase, and phorbol

(12-0-tetradecanoylphorbol 13-acetate, TPA) (100

nM), an activator of protein kinase C. We also tested

the effect of a depolarizing agent, KCI (50 nM). Each

of these three factors induced a significant increase

of GH release by eel somatotrophsls61.

ester
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Similar results were obtained in some other

teleosts (GoldfishI68); tilapiaI6O)) in which a stimulation

of GH release over basal level could be induced by

forskolin and TPA. In contrast, none of these factors

induced

pituitary cells, unless the cells were co-incubated

with an inhibitory factor (SRI 卜1)156). This suggests that

spontaneous basal G

maximal secretory capacity of somatotropes in the

tu rbot but not in the ee I or some other te leosts(56).

GH

H

GH-releasing effect of pituitary adenylate

cyclase activating-polypeptide (PACAP)

PA 仁AP isolated oVlnefirst from thewas

activity

member ofa

�rved from

1 non-mammaliansame gene I

teleostsI71-72I, amph ibians and bi rds, wh i Ie they are

encoded by two distinct homolog
1_17 日 )

mam 盯lals

10 distinct genes

PACAP was characterized in the eel brain by

of P ACAPHPLC and RIA studies major form

immunoreactive material co-eluted with mammalian

PACAP 38166).

A

Both PA 仁AP 38 and 27 were able to stimulate GH

release by eel pituitary cells with the same maximal

effect (about 300% over basal release) Dose-response

studies indicated that PACAP 38 was approximately

12 times more potent than PACAP 27- In contra 哎 ,

GHRH and VIP had no significant effect, indicating

GH release wasthat the action of P ACAP on eel

mediated through a type 1 PACAP receptor. PACAP

GH-releasing effect was maximal at 24 h of incubation

and then submitted to desensitization

a

Immunocytochemical studies in the eel indicated

latlon PACAP-immunoreactive

where

83

somatotrophs are located'66). A similar observation

was made in the goldfishI73). In contrast, only rare

GHRH immunoreactive fibers were detected in the

ee11741; goldfishI751).

loca I ization between

same region (European The

difference in expression and

PACAP and GHRH maybe due to differential splicing

and/or processing of their common precursorI28,711.

PACAP was also shown to be much more effective

than on GH releaseGHRH

itself,

GH-releasing factor in teleosts.

PACAP

the roleinstead RH may

In frog, GHRH similarand

nuH

GH - releasing effect of corticotropin -
releasing hormone (CRH)

In
CRH, i

discovered for its releasing effect on corticotropin

an

(ACTH) in mammals Its sequence, as well

have

as Its

A 仁TH-releasing

throughout

teleosts to mammals(78)

function, highly

from

been

conserved vertebrate evolution,

We demonstrated that CRH is able to induce GH

release by eel somatotrophs in a dose-dependent

manner. Its maximal effect (> 400 %) was higher than

that of PACApI6S). As for PACAP effect, GH-releasing

effect of 仁 RH was submitted to desensitization, with

a maximal effect at 24 h of incubation'651. In contrast,

CRH was not active in another teleost species sofar

investigated (TurbotI56)), suggesting that its activity

may be related to the special biological cycle of the

eel.

亡。 ordinate activation by CRH of the corticotropic

and somatotropic ax

controls by cortisol and GH. For instance, GH and

es
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cortisol may interact in osmoregulatory processes for

sea-water adaptation in teleosts, by stimulating gill

Na, K ATPase and salinity tolerancel 汀 ,791. Moreover,

may also inte

during

cortisol and GH ract In

processes, such or

mobilization In

fasting,

teleosts 他們 as

stressas

stimulating lipid

mammalsl8GI. In the eel, mobilization of energy stores

is specially required to fullfill gonadal growth and

reprod uctive mig

hypothesis th

coordinator for activating

themay raise

at potentialact as amay

both corticotropic and

somatotropic axes during critical developmental or

physiologi 仁 al events in the eel, such as silvering,

fasting and reproductive migration

Furthermore, preliminary data indicate that CRH,

as well as TRH also stimulates the expression of

cellsubunit culturethyrotropin (TSH) 戶
conditionsl821. CRH a/so stimulates TSH

In our

release in

vitro in another teleo 鈍 , the Coho salmonl
日 31

suggest that 仁 F

important role in the activation of various endocrine

These �Hdata 門lay

metamorphosis, osmoregulation,

and metabolism in the eel and possibly some other

The GH-releasing role of CRH may have

been partially conserved during vertebrate evolution.

Indeed, CRH has been shown to induce GH release

in Reptiles (turtle) but with a lower potency than TRH

or GHRHI231. In mammals, 仁 RH has no direct effect

axes involved In

teleosts

on GH release by pituitary cells in the rat, but has a

stimulatory effect in humans under stress situations

(such as fasting or resistance exercise) and in some

pathologies (such as depression and acromegaly)16S1

Lack of GH-releasing effect of other

neurohormones

In

Other neuropeptides, shown to induce GH release

othersome teleosts, such

lone (mGnRHgonadotropin-releasing horn

cGnRH-II: the two native GnRH forms in the eell
日 41) ,

thyrotropin- releasing hormone (TRH), neuropeptide

Y, cholecystokinin, were inactive in the eel. GnRH

was shown to stimulate GH release in the goldfishl321

by

and tilapial2sl, but not in the catfishl27,3s1 nor in the

turbotlS61. TRH, a GH secretagogue in vitro in the

goldfishl291 and in the carpl3 日 I was also ineffective in

tilapial261 and turboes61.

Dopamine, active as a GH-releasing

goldfish via 01 receptorsl8SI, had no effect on eel GH

releasel861. Accordingly, none of the four 01 receptor

subtypes cloned in the European eel were found to

be expressed in the somatotroph area of the eel

pituitaryl871.

The lack of effect of GnRHs and TRH may be

related to teleost species differences, and/or to the

factor in

In

physiological stage tested. Indeed, in the goldfish,

GH response to GnRH and TRH was higher in sexual

的 sh ar

treatmentl291. Our study which focused on juvenile

fish does not exclude that such controls may occur in

mature ld steroidwas

sexually mature adults.

an Inhibitory control of eel GH release and

synthesis by thyroid hormones (TH)

and growth hormoneThyroid hormones (TH)

(GH) are thought to play synergistic roles in the

of growth and developmentalcontrol processes

in verteb rates severa IRelated to this synergism,

physiological crosslinks have been demonstrated

between thyrotropic and somatotropic axes. At the

central level, CRH was demonstrated to stimulate

not only corticotropin release but also to act as a

GH-releasing factor and TSH-releasing factor in

the eel (see above). At the peripheral level, GH has

been reported to increase circulating T3 levels by

sti mu lati ng peri phera I 5 仁 monodeiodi nationl181.

Both 13 and 14 inhibited release by eelGH

as

somatotrophs in vitro, in a dose-dependent manner

compatible wi

levels, up to a

hormones

ahu
ι
�.�.0� physiological

maximal inhibition

circulating

可/01881of 50

Other also the nuclearacti ng

such

via

sexual steroidssuperfamily,

estradiol

receptor

(testosterone,

corticosteroid

as

andand progesterone)

effect GHhad(cortisol), no on
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release in vitro, u川nder 川Ii川ning the specif 訂ICI 叫ty of TH

regulatoryef 仟fect on GHI 悼48,88 趴'.The inhi 叫ibitory ef 仟fet of

TH i沾s in agreement with the pr 陀ev叫ious f打indi 川ngs by

Baker and Ingletonl 仿5"幻3
叭
i

release and cellular content indicated that TH not

only inhibited GH release but also GH synthesis

by eel somaptotrophs. Dot blot assay of GH mRNA

demonstrated that 13 inhib

was mediated

Itory

decrease In GH

on GH

bysynthesis

mRNA steady levels

In vivo administration of triiodothyronine (13) or

thyroxine (T4) also significantly reduced pituitary and

eel, a

Ie

a

seru 行1 GH levels In the 5

homologous RIA,

relevance 。 f the

negative according multipleto the

interactions betwee 門 somatotropic and thyrotropic

axes. TH inhibition of GH may also participate in the

reduction of GH production and cessation of body

growth at silvering138391,

The present study in the eel dif 他 rs from the few

data which indicated ain other teleost species,

stimulatory or no effect of TH on GH. In the carp,

T3 increased GHmRNA levels i 1

fragments

one-weekT3

vitrd89) . trout,

steady

rainbow

increased

theInIn

treatment In VIVO

levels of GH mRNA, but produced no alterations

in pituitary nor plasma GH levelsl9 日 I. In vitro, T3 at

physiological con centra 寸

effect on GH release

Spec ies-related

ions, had

tilapia

T3

no

們 191-921cam

on

In and

effects GHvariations In

mRNA levels were also observed among mammals.

In the rat, T3 was shown to stimulate GH mRNA

levels in cultured pituitary tumor 仁 ell linesl931. In

contra 哎 , T3 reduced GH mRNA levels in bovine

pituitary cells in vitrd941, a situation similar to that

found for human GHI9S1

In contrast, the negative effect of TH on GH in

the eel recalls that previously well demonstrated in

85

birdsl%, 971, and reptilesl981. Variations in the control

by TH of GH production have occurred among

vertebrate le ne 月 atlve

found mammalsbirds,

including human (but not in the ra!), may represent

an ancestral pattern of GH regulation by thyroid

reptiles so 門leIn

hormones.

仁 onc\usion

Investigation of the neuroendocrine regulation of

GH in the European eel shows multiple regulations

otheras well withas interactions major

neuroendocrine axes (thyrotropi 仁 and corticotropic)

metabolisminvolved in development, growth and

(Figure). Additional interactions may also occur with

other neuroendocrine axes, such as the gonadotropic

axis, which have not been adressed in the present

paper.

Somatotrophs exhibit a high autonomous activity,

in the eel 的 in other teleosts, which may represent

an ancestral of GH Inbasal secretionproperty

vertebrates. Accordingly, the major ancestral control

of GH production may be inhibitory, played out by

SRIH, and largely conserved throughout vertebrate

evolution. The negative feedback by liver IGF may

represent an early emerg

conserved inhibitory control of GH in vertebrates

The other controls demonstrated in the eel exhibit

also andn

Important variations

teleosts

and evenamong vertebrates

PACAP, active in the eel as well as in the

investigated,

GH-releasing factor

progressively replaced by

GH-releasing activity of CRH

other teleosts may represent an

ancestral In vertebrates,

tetrapods.GHRH In

may be,

special developmental

physiological events of the eel biological cycle, such

fasti ng,

in contrast,

andrelated to the

as metamorphosis, silvering, and

reproductive migration.
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Fig. 1. Multiple neuroendocrine regulation of GH secretion in the European eel:
Eel somatrophs have a high spontaneous activity. GH release is inhibited by somatostatin (SRIH) and

stimulated by pituitary adenyl ate-cyclase activating polypeptide (PACAP) and corticoliberin (CRH). Other

neurohormones such as somatoliberin (GHRH), gonadoliberins (GnRH), thyroliberin (TRH), dopamine,

neuropeptide Y and cholecystokinin, have no significant effect. PA 仁AP may represent an ancestral

GH-releasing factor invertebrates, progressively replaced by GHRH in tetrapods. CRH may beinvolved in

the simultaneous activation of several endocrine axes, during specific steps of the eel biological

cyc 峙 ,such as metamorphosis, fasting, reproductive migration. IGFs, produced by the liver under GH

control, exert a negative feedback on GH. Thyroid hormones, the conversion of which is stimulated by

GH, also exert anegative control on GH

Paris;

Boujard, CNRS, University c

IFREMER-Bre 哎 , Centre Ocnologique de Banyuls; L

Houdebine, INRA, Jouy-en-Josas; I

Pradet-Balade, B. Qu at, MNHN, Paris; Y.-S. Huang,

Taiwan Fisheries Research Institutes, Keelung, Taiwan; C. F.

Chang, Nati

Taiwan; B. K. C. Chow, University of Hong-Kong, China.

This work was suppo 付ed by grants from Conseil Supe

It G. Boeuf,

Acknowledgements
M.

. B

We are grateful to all the collaborators who have

contributed to this study ﹒ H. Vaudry, M. Montero, U413

INSERM, University of Rouen; J. Apelbaum, U159 INSERM,

Ph. Vernier, �

Kapsimali, Institut Alfred Fessard, CNRS, Gif-sur-Yvette; P.

EI ie, G. Adam, C. Durif, P. Lambert, Cemagref-Bordeaux; D.

anal Taiwan Ocean

M

ieur de la Pehe, IFREMER, 仰\NHN and CNRS (PICS



Neuroendocrine Control of Eel GH

仁 NRS/NSC Taiwan) to S. Dufour.

References

Donaldson, E. M., U. H. M. Fagerlund, D. A .Higgs and

J. R. McBride (1979) Hormonal enhancement of growth

In Fish Physiology, (W. S. Hoar, D. j. Randall and J. R.

Brett, eds.). Academic Press, New York, 8: 456-597.

Bj6nsson, B. T. (1997) The biology of salmon growth

hormone: from daylight to dominance. Fish Physiol

2.

Biochem., 17: 9-24.

3. F. Leatherland and T M. johnMcKeown, B. 人 , J

(1975) The effect of growth hormone and prolactin on

themobilization of free fatty acids and glucose in the

Oncorhynchus 月 erka.kokanee Comp

mp Biochem. 99A:

633-636

5. Leatherland, j. F and R. N. Nuti (1981) Effects of bovine

growth hormone on plasma FFA concentrations and

liver, muscle and carcass lipid content in rainbow tro 叭 ,

Salmo gairdneri Richardson. j. Fish BioI., 19: 487-498.

6. Sheridan, M. (1986) Effects of thyroxin, cortisol, growth

hormone, and prolactin on lipid bmetabolism of Coho

7

f-rvnchus during

B iochem Physiol.,

1078: 495-508

8. O'Connor P., B. Reich and M. Sheridan (1993) Growth

hormone stimulates lipid mobilization in rainbow trout,

mykiss.Oncorhynchus Physiol., 1638:Comp

427-431.

9. M. Dye and J. RHiggs, D. A., E. M. Donaldson, H

McBride (1975) A preliminary investigation of the

effect of bovine growth hormone on growth and

muscle composition of coho salmon (Oncorhynchus

kisutch). Gen. Compo Endocrinol., 27: 40-253.

10.lnui, Y and I. H. shioka (1985) In vivo and in vitro

effects of growth hormone on the incorporation of [14C]

leucine into protein of liver and muscle of the eel. Gen

87

Compo Endocrinol., 59: 295-300.

Houlihan, (

Fauconneau B., S. Kaushik and P.. Y. Le Bail (1991)

The effects of ovine growth

11 . Foster,
、.. FA, D.

hormone on protein

turnover in rainbow trout. Gen. Compo Endocrinol., 82:

111-120.

12. Boeuf, G. (1993) Salmonid smolting: a pre-adaptation

to the oceanic environment. In Fish Ecophysiology

(Rankin, j. C and jensen, F. B., eds), Chapman and Hall,

London, 105-136

13. Sakamoto, T., S. D. Mc 亡。 rmick and T. Hirano (1993)

Osmoregulatory actions of growth hormone and its

mode of action in salmonids: a review. Fish Physiol.

Biochem., 11: 155-164

14. Le Bai I, P. Y. (1988) Growth-reproduction interaction

in Salmonids in Fish Basic andIn Reproduction

Applied aspects in Endocrinology and Genetics, Ed

INRA Paris, 91-108.

15. Le Gac, F., O. Blaise, A Fostier, P. Y. Le Bail, M. Loir,

B. Mourot and C. Weil (1993) Growth hormone (GH)

and reproduction: A review. Fish Physiol. Biochem., 11:

219-232.

Kobayashi and H Kawauchi16. Kajita, Y., M. Sakai, M

(1992) Enhancement of non-specific cytotoxic activity

of leucocytes in rainbow trout Oncorhynchus mykiss

injected with growth hormone. Fish Shellfish Immunol.,

2:155-157

17. Yada, T., M. Nagae, S. Moriyama and T. Azuma (1999)

Effects of prolacti n and growth hormone onplasma

immunoglobulin 1\ hypophysectomized

rainbow trout, Oncorhynchus mykiss.

Endocrinol., 115: 46-52

有 。
{

Gen Compo

18. de Luze, A and j. Leloup (1984) Fish growth hormone

thyroxi ne

totriiodothyronine in the eel (Anguilla anguilla L.). Gen

仁 omp. Endocrinol., 56: 308-312.

19. MacLatchy, D. L., H. Kawauchi and j. G. Eales (1990)

Stimulation of hepatic thyroxine 5 仁 deiodinase activity

in rainbow trout (Oncorhynchus mykiss) by pacific

Biochem. Physlol.,

enhances peripheral conversion of

salmon growth hormone

101 A: 689-691

亡。mp

20. Bluet-Pajot, M., j. Epelbaum, D. Gourdji, C. Hammond

and C. Kordon (1998) Hypothalamic and hypophyseal



88 Dufour,S., K. Rousseau, M. Sbaihi, N

regulation of growth hormone secretion

Neurobiol.,18: 101-123

Cell Mol

21.Be 陀 lowitz, M., S M. zabo, L. Frohman, S. Firestone, L

and IChu Hintz (1981)

mediatesgrowth hem-none negative feedback by effects

on both the hypothalamus and the pituitary. Science,

212: 1279-1280

22. Harvey, S. (1990) Thyrotropin-releasing hormone

growth hormone-releasing factor. J. Endocrinol., 125

345-358

23. Denver, Rand P. Licht (1991) Several hypothalamic

peptides stimulate thyrotropin and growth hormone

secretion by adult pituitary glands

Physiol.,100A: 603-606

24. Vaughan, J., J

and

Comp Bio 仁 hem

Peter

Rivier, J. Spiess, C. Pen 品 , J. Chang, R

Vale (1992) Isolation andW

characterization growthof hypothalamic

hormone-releasing factor from common 亡 arp, Cypl 川 us

car ρ io. Neuroendocrinology, 56: 539-549

McKeown (1991) Interaction of carp25. Luo, D and B

growth hormone-releasing factor and somatostatin on

in vitro release of growth hormone ion rainbow trout

myki 到 )( Oncorhynchus Neuroendocrinology,

359-364

26. Melamed, 叭 , N. Eliah

Farchi-Pisanty, F. Rentier-Delrue, J. Smal, Z. Yaron and

Z. Naor (1995) Hypothalamic and thyroidal regulation

of growth hormone in Tilapia. Gen. Camp. Endocrinol.,

nDU Ofir, 0

97: 13-30

27.Lescroa 肘 , 0., I. Roelants, T. Mikolaj 仁叭 , P. T. Bosma, R.

Schulz, E. R. K Ci hn and F. Ollevier (1996) AW

radioimmunoassay for African catfish growth hormone:

validation and effects of substances modulating the

releaseof growth hormone Endouinol.,Gen Camp

104: 147-155

28. Parker, D., M. Power, P. Swanson, J. Rivier and N.

herwood (1997) ExollS kipping in the gene encoding

pituitary adenylate cyclase-activating polypetide

salmon alters the expression of two hormones that

stimulate growth hormone release. Endocrinology, 138

414-423

Nahorniak and R Peter29. Trudeau, V., C. Somoza, C

(1992) Interactions of estradiol with gonadotropin

Le Belle, B. Vidal, ). Marchelidon and M. Schmitz

releasing hormone and thyrotropin-releasing hormone

川 the control of growth hormone secretion in the

goldfish. Neuroendocrinology, 56: 483-490.

Lin and RR Peter (1993) The30. Lin, X 叭/., H

regu latory effects of thyrotropi n-releasi ng hormone on

hormone secr<

E

growth pllultary 。 i�tlon

common carp 111 vltr ο Fish Physiol. Biochem., 11

a 71-76

31. Kagabu, Y., T. Mishiba, T. Okino and T. Yanagisawa

(1998) Eft 的:ts of thyrotropin-releasing hormone and its

metabolites, 仁 yclo (His-Pro) and TRH-OH, on growth

hormone and prolactin synthesis in primary 仁 ultured

pituitary cells of the common carp, Cy, ρ /tnus carpio

Gen. Camp. Endo 仁 rinol., 111: 395-403

仁 hang, C32. Marchant, T., J Nahorniak and R Peter

(1989) Evidence that gonadotropin-releasing hormone

also functions as a growth hormone-releasing factor in

the goldfish. Endouinology, 124: 2509 一之 518

Lin and R33. Lin, X. W., H

hormone

Peter (1993) CrowthR

and In thegonadotropin secretion

54

commoncarp (Cyprinus carpio L.): in vitro interactions

of gonadotropin-releasing hormone, somatostatin ,:lIld

the dopamine apomorphine. Gen. 亡。 mp. Endouinol.,

89: 62 也 71

Le Bail and C. Weil (1995) Lack ot34. Blai 仗 , 0., P

gonadotropin releasing-hormone action on in viv ο and

in vitro growth hormone release, in rainbow trout

( Oncorhyncht 的 mvt (is5) Physiol.,仁amp

110 仁 : 133-141

35. Bosm 且 , P., S. Kolk, F. R 巳 ber 丸。 Les 仁 roa 叭 , I. Roelants,

P 叭Ii Ilems and R. Schulz (1997) Gonadotrophs but not

somatotrophs carry gonadotropin-releasing hormone

receptors: receptor localisation, intracellular calcium,

and gonadotropin and GH release. J. Endocrinol., 152

437-446

36. Lauder, G. V. and F. LiemK (1983) Patterns of diversity

Fishand evolution fi shes nlray-fi nned

Northcut and R. E

In

David, eds.),In Neurobiology. (R. 仁

Vol I, Ann Arbor, University of Michigan Press, 2-24

仁 . C De Pi nna (1996) T eleostean monophyly ]ll37.M

York., 147-162



Neuroendocrine Control of Eel GH

38. Marchelidon, J., M. Schmitz, L. M

Belle, B. Vidal and S. Dufour (1996) Development of a

radioimmunoassay for European eel growth hormone

(GH) and application to thes tudy of silvering and

experi menta I fasti ng. 心 1

Houdebine, N

�n

360-369

39. Marchelidon, J., N. Le Bel 悟 , A. Hardy, B. Vidal, M

Sbaihi, E. Burzawa-G 臼 rd, M. Schmitz and S. Dufour

(1999) Etude des variations de parametres anatomiques

et endocriniens chez I'anguille europeenne (Anguilla

anguilla) femelle, sedentaire et d'avalaison: application

it la caracterisation du stade argent 已 . Bull. Fr. Pech 巳

尸 ISCIC 叮 355: 349-368.

40. Durif, 仁 , P. Elie, S.

Vidal (2000) Analyse des parameters morphologiques

et physiologiques lors de la pr 已 paration a lamigration

de d 已 valaison chez I'anguille europ 已 enne (Anguilla

(Loire 可Atla ntique)

Dufour, J Marchelidon and B

anguilla)

Cybium, 24 (suppl.3): 63-74

41. Lambe 汁 , P., S. Dufour, E. Rochard, M. Sbaihi, P. Elie,

and ). Mar-chelidon (2001) Variabilit 已 morphologique

et physiologique des civelles d'anguilles dans I'estuaire

de la Gironde au cours de la saison 1997-1998. Bull

HU

4
日 Grand-Lieulac de

Fr. P 是 che Piscic., in press

42. Fontaine, M., E. Bertrand, E. Lopez and o. Callamand

Sur la organes 日已 nitauxde

I'anguille femelle (Anguilla anguilla L.) etl' 已 elsslon

des oeufs en aquarium

(1964) maturation des

spontan 仁 AcadR

Par 悶 , 259: 2907-2910

43.Montero, M., N. Le Belle, B. Vidal and S. Dufour (1996)

cultures of dispersed cells fromPrimary

estradiol-pretreated female silver eels (Anguilla anguilla

immunocytochemica I

gonadotropi 仁 cells and stimulation of gonadotropin

release. Gen. Compo Endo 亡 rinol., 104: 103-115.

44. Huang, Y. S., M. Schmitz, N. Le Bel 峙 , C. F. Chang, B.

Querat and S. Dufour (1997) Androgens stimulate

L.) characterization

gonadotropin-II 也 subunit in eel pituitary cells in ν Itro

Mol. Cell. Endocrinol., 131: 157-166.

45. Marchelidon, J., C. Huet!, C. Salmon, J. Pernollet-C and

Y. A. Fontaine (1991) Purification et caracterisation des

sous-unlt 已 s pr 已 sum 已 es de I'hormone thyr 已 otrope d'un

poisson t 已 | 已 ost 已 en, I'anguille (Anguilla anguilla) C. R

89

Le Acad. Sci. Paris, 313: 253-258.

46. Yamaguchi, K., A. Yasuda, M. Kishida, T. Hirano and

Kawauchi (1987) Primary structure of eel (Anguilla

Endocrinol.,

H

japonica) growth hormone Gen. 亡。mp

66: 447-453

47. Saito, 人 , S. Sekine, Y. Komarsu, M. Sato, T. Hirano and

Itoh (1988) Mole growth

hormone cDNA and its expression in Escherichia coli

5 cular

Gene, 73: 545-551

48. Huang, Y. S., K. Rousseau, M. Sbaihi, N. Le Belle, M.

Schmitz and S. Dufour (1999) 亡。付 isol selectively

stimulates pituitary gonadotropin

primitive teleo 哎 , Anguilla anguilla. Endocrinology, 140

beta-subunit in a

1228 一 1235

Le Moal and A49. Fontaine, Y. A., M. Pisam, 仁

Rambourg (1995) Silvering and gill mitochondria-rich"

仁 ells in the eel, Anguilla anguilla. Cell Tissue Res., 281

465-471.

and B Delevall 已 e-Fortier (1992)50. Burzawa-G 已 rard, E

Implication de I'hormone de croissance aucours de

I'induction exp 已 rimentale de

“

la vitellogen 已 se pari'

femelleoestradiol-17 仁 hez I'anguille argentee

Acad Sci(Anguilla anguilla L.) C Paris, 314(111)R

411-416

51. Peyon, 仁 alvayra 仁 , and EBalocheS.P.,

Burzawa-G 已 rard

R

on eelMetabolic studies(1998)

Sci

(Anguilla anguilla L.) hepatocytes in primary culture

effect of 1 7 已 estrad iol and growth hormone Compo

of

Biochem. Physiol., 121 A: 35-44.

52. Rousseau, K., Y.-S

Marchelidon, J

Long-term inhibitory

i nsu I in-I i ke growth factor 1 on growth hormone release

by serum-free primary culture of pituitary cells from

European eel (Anguilla anguillaJ. Neuroendocrinology,

67: 301-309.

Huang, N Vidal, J.Le Belle, B

DufourEpelbaum and S. (1998)

effects of andsoma tostatl n

1 and P Ingleton (1975) Secretion of53. Baker, B

prolactin and growth hormone by teleost pituitaries in

Effect of salt concentration during long-term

M

Vitro II

organ culture. J. Compo Physiol., 100: 269-282

54. Suzuki, R., M. Kishida and T. Hirano (1990) Growth

hormone secretion during long term incubation of the

pituitary of the Japanese eel, Anguilla japonica Fish



90 Dufour,S., K. Rousseau, M. Sbaihi, N. Le Belle, B. Vidal, j. Marchelidon and M. Schmitz

Physiol. Biochem., 8: 159-165

55. Yada, 下 , A. Urano and T Hirano (1991) Growth

hormone and prolactin gene expression and release in

the pituitary of 的 inbow trout in serum-free culture

Endocrinology, 129: 1183-1192

56. Rousseau, K., N. Le Belle, K. Pichavant, J. Marchelidon,

B. K. C. Chow, G. Boeuf and S. Dufour (2001) Pituitary

growth

phylogentically

spec ies-spec i fi c

Neuroendocrinology, in press.

and C

hormone theIn Turbot,

by a

neuropeptides

secretion

recent teleost,

of

regu latedIS

pattern

57. Kwiecien, R Hammond (1998) Differential

management of Ca2 十 oscillations by anterior pituitary

cells a compa ratlve overview Neu roendocri nology,

68: 135-151

58. Conlon, J T ostivi nt and H Vaudry (1997)M., H

Somatostati n- and urotensln II-related peptides:

molecular diversity and

Regulatory Peptides, 69: 95-103

evolutionary perspectives

59. Fryer, J 5 Nishioka and H A Bern (1979)N., R

Somatostatin inhibition of growth

Endocrinol.,

teleost

hormonesecretion Gen Comp

244-246.

60. Melamed, P., G. Gur, A. Elizur, H. Rosenfeld, B. Sivan,

Rentier-Delrue and Z. VaronF (1996)

effects of gonadotroPin releasing hormone, dopamine

and somatostatin and their second

hormone the ‘ h,In

Neuroendocrinology, 64: 320-328

61. Luo, D., B

(1990)

Rivierand and W ValeA McKeown, J

。
{ rainbownl Vitro troutresponses

(Oncorhynchus mykiss) somatotrophs to carp growth

hormone-releasing factor (GRF) and somatostatin. Gen.

Compo Endocrinol., 80: 288-298

62. Perez-Sanchez, J., 仁

Effects of a human insulin like-growth factor-1 on the

growth horn

(Oncorhynchus mykiss) pituitary cells. J

Weil and P Le Bail (1992)Y

release rainbow troutloneof

Exp Zool.,

262: 287-290

Le BaiJ (1995) Role of63. Blai 咒 0., 仁 Weil and P. Y

IGF1 in the control of GH secretion in rainbow trout

(Oncorh ynchus mykiss) Growth Regulation,

142-150.

64. Duval, H., K. Rousseau, G. Elies, P. Y. Le Bail, Dufour

S., G. Boeuf and D. Boujard Cloning, 仁 haracterization

and activity of recombinant insulin 也 I ike growth factors I

and II in a recent teleost, the turbot, Psetta maxima

Gen. 亡。 mp. Endocrinol. submitted.

a

65. Rousseau, K., N. Le Belle, J

Dufour (1999) Evidence that corticotropin-releasing

Marchelidon and S.

hormone acts as a growth hormone-releasing factor in

a primitive teleo 哎 , the European eel (Anguilla anguilla)

J. Neuroendocrinol., 11: 385-392

66. Montero, M., L Rousseau, A Arimura, A

5

Yon, K

Dufour HFou rn ier,

Distribution,

hormone-releasi ng

and Vaudry (1998)

cha racterization and growth

adenyl ateactivity c

cyclase-activating polypeptide in the European eel,

Anguilla anguilla. Endocrinology, 139: 4300-4310.

67. Leung, M., L. T 呵 , K. Yu, B. Chow and A. Wong (1999)

Molecular cloning and tissue distribution of PA 仁AP in

the goldfish Molecular andIn Recent Progress in

Kwon, J. Joss and S

39

亡。 mpal ιItive Endocrinology, (H

Ishii, eds.), Kwangju,

Chon man National University, 383-388

68. 仁 hang, J. P., R. Jobin and R. De Leeuw (1991) Possible

involvement of protein kinase C in gonadotropin and

dispersed goldfish

pituitary cells. Gen. Compo Endocrinol., 81: 447-463.

69. Miyata, 人 , A. Arimaura, D. H. Dahl, N. Minamino, A.

Uehara, L. Jiang, D 仁 ullerM and D

Hormone Resea rch Center.

自 rowth hormone release from

H. Coy (1989)

70

Isolation of a novel 38 residue hypothalamic peptide

which stimulates adenylate cyclase in pituitary cells.

Biochem. Biophys. Res. ( 二 om., 164: 567-574.

Montero, M., L. Yon, S. Kikuyama, S. Dufour and H

Vaudry (2000) Molecular evolution of thegrowth

hormone/pitu itary adenyl ate

cyclase-activati ng polypeptide gene fami Iy

Functionaln implication in the regulation of growth

Endocrinol.,

hormone-releasi ng

hormone Mol 25secretion.

157-168

。 ixon and N. Sherwood (1993)

5

71. Parker, D., I. Coe, G

Two salmon neuropeptides encoded by one brain

are stru 仁 turally related to members of the

glucagon superfamily. Eur. J. Biochem., 215: 439-448

cDNA



Neuroendocrine Control of Eel GH

汀 , S72.M 仁 Rory, J., D. Park(

Sherwood (1995) Sequence and expression of cDNA

for pituitary adenyl ate 仁 yclase activating polypeptide

(PACAP) and growth hormone-releasing hormone

(GHRH)-like peptide in 日 tfish. Mol. Cell. Endocrinol.,

108: 169-177.

73. Won 日 , A, M. Leung, W. Shea, L. Tse, J. Chang and B

(1998) Hypophysiotropic act

adenylate cyclase-activating polypeptide (PACAP) in

the goldfish: immunohistochemical demonstration of

仁 how

PACAP in the pituitary, PACAP stimulation of growth

hormone release from pituitary cells, and molecular

cloning of P ACAPtype

Endocrinology, 139: 3465-3479.

pltultal γ receptol

74.0Iivereau, M., J. Olivereau and F. Vandesande (1990)

Localization of growth hormone-releasing factor-like

hypotha lamo-hypophysia IIn theImmunoreactivity

system of some teleost species. Cell Tissue Res., 259:

73-80.

75. Rao, S., P Prasada Rao and R Peter (1996) Growth

hormone-releasing hormone immunoreactivity in the

goldfish,

Endocrinol.,

brain, and pineal of thepituitary,

Carassiu 叫 uratus Gen Comp 102

210-220

Gonzalez de Aguilar,

and

76. Martinez-Fuentes, 人 , J

Kikuyama,

Garcia-Navarro (1993) Effects of frog pituitary cy 仁 lase

activating polypeptide (PACAP) on amphibian pituitary

Peptide, Pituitary

Adenylate Cyclase-Activating Polypeptide and Related

Regulatory Peptides: from molecular biology to clinical

appl ications, (G

5 仁 ientifi 亡 , 376-380

77. Peete 悶 , K., L. Langouche, F. Vandesande, V. Darras

Berghman (1998) Effects of pituitary adenylate

(PA 亡AP)

Lacuisse, VaudryS. H

仁 ells nl Vasoactive Intestinal

Rosselin, ed .), Singapore, World

and L

仁:yclase-activating polypeptide

formation and growth hormone release from chi 仁 ken

on cAMP

anterior pituitary cells

471-474

AcadN.YAnn Sci., 865

78. Fryer, J. N. (1989) Neuropeptides regulating the activity

of goldfish co 前 Icotropes ar

Physiol. Biochem., 7: 21-27.

79. McCormick, S. (1996) Effects of growth hormone and

1d

91

insulin-like growth factor I on salinity tolerance and gill

salmon (Salmosa 的 r):Na+, AtlanticK+ A TPasa In

interaction with cortisol. Gen. 亡。 mp. Endocrino 仁 , 101

3-11

80.Goodman, H. (1993) Growth hOl"lllOne and metabolism.

的 The endocrinology of growth, development and

metabolism in vertebrates, (M. P. Schreibman, C. G.

Scanes and P. K. T. Pang, edsJ San Diego, Academic

Press, 93-115

L O and Dufour (1993) Growth581. Larsen,

reproduction and death in lampreys and eels. In Fish

Ecophysiology, (J. (

Chapman and Hall, London, 72-104.

82. Pradet-Balade, B. (1998) Evolution of the thyrotropic

PhDfunction regulation: investigations in teleosts.

thesis, University Paris XI, 125 pp

Dickey, J Rivier and W83. Larsen, D., P. Swanson, J

Dickhoff (1998) In vitro thryrotropin-releasing activity

of corticotropin-releasin 日 hormone family peptides in

Coho salmon, Oncorhynchus kisutch

Endocrinol., 109: 276-285

84. King, J. 人 , S. Dufour, Y. A Fontaine and R. P. Millar

(1990) Chromatographic and immunological evidence

for mammalian GnRH and chicken II GnRH in eel

Gen. 仁omp

5 Anguil/a anguil/a brain and pituitary Peptides, 11

F 521-514

O. Wong and R85. Chang, J. P., K. L. Yu, A

(1990) Differential actions of dopaminergic receptor

subtypes on gonadotropin and growth hormone release

in vitro ingoldfish. Neuroendocrinology, 51: 664-674.

86. Vidal, B., N. Le Belle, M. Kapsimali, K. Rousseau, Ph

Vernier and S. Dufour (2000) Dopamine and its D1

growth

E Peter

receptors do control (GH)hormonenot

release in the eel, Anguilla anguil/a. Abstracts from

the 20th Conf. Eur. Compo Endocrinol., Faro, Portugal,

p115

87.Kapsimali, M., B. Vidal, A Gonzalez, S. Dufour and Ph.

Vernier (2000) Distribution of the mRNA enconding

the four dopamine D1 receptor subtypes in the brain of

European e

approach to the function of D1 receptors invertebrates.

J. Compo Neurol., 419: 320-343.

88. Rousseau, K. (2000) Phylogenetic evolution of growth

the



92 Dufour, 丘 , K. Rousseau, M. Sbaihi, N. Le Bel 峙 , B. Vidal, J. Marchelidon and M. Schmitz

hormone regulation: contribution of teleost models, the

eel Anguilla anguilla and the turbot Psetta maxima.

PhD thesis, University Paris VI, 239 pp.

89. Farchi-Pisanty, 0., P. B. Kackett, and B. Moav (1995)

Regulation of fish growth hormone transcription. Mol.

Mar. BioI. Biotech., 4: 215-223.

90. Moav, Band B. A. McKeown (1992) Thyroid hormone

increases transcription of growth hormone mRNA

inrainbow trout pituitary. Horm. Metab. Res., 24: 10-14.

91. Nishioka, R. S., E. G. Grau and H. A. Bern (1985) 的

vitro release of growth hormone from the pituitarygland

of ti lap 悶 , Oreochromis mossambicus. Gen. 亡。mp

Endocrinol., 60: 90-94.

92. Luo, D and B. A. McKeown (1991) The effect of thyroid

hormone and glucocorticoids

tor

carp

(GRF)-induced

growthon

mykiss). 亡。mp. Biochem. Physiol., 99A: 621-626

E. Shapiro (1976) Thyroid

hormone stimulates de novo growth hormone synthesis

in cultured GH1 cells: Evidence for the accumulation

93. Samuels, H and LH

of a rate limiting RNA species in the induction process

Proc. Natl. Acad. Sci. USA, 73: 3369-3373.

94. Silverman, B. L., S. L. Kaplan, M. M. Grumbach and W

(1988) HormonalL Miller growthregulation fo

hormone secretion and messenger ribonucleic acid

bovineaccumulation cultured pituitary 仁 ells.In

Endocrinology, 122:1236-1241

95. Valcavi, 代 , M. Zini and I. Portioli (1992) Thyroid

hormones and growth hormone secretion. J. Endocrinol

Invest., 15: 313-330

96. Harvey, 5 (1990) ofTri-iodothyronine inhibition

-induced

vitro. J. Endocrinol., 126: 75-81

97. Denver, R. J. and S. Harvey (1991) Thyroidal inhibition

of chicken pituitary growth hormone

and accumulation

alterations in

secretion of newly synthesized

hormone. J. Endocrinol., 131: 39-48

98. Denver, R. J and P. Licht (1988) Thyroid hormones act

at the level of the pituitary to regulate thyrotropin and

growth hormone secretion in hatchling slider turtles

(Pseudemys scnpta elegans) Zool., 247Exp.

146-154




